Background: The objective of this study was to compare total costs of care and its major components for community-living patients with Alzheimer's disease (AD) or dementia with Lewy bodies (DLB). This cross-sectional analysis of baseline data from the Predictors II Study took place in three university-based AD centers in the U.S. Methods: Community-living patients clinically diagnosed with probable AD (n ϭ 170) or DLB (n ϭ 25) with a modified Mini-Mental State examination (mMMS) score Ն30, equivalent to a score of approximately Ն16 on the Folstein Mini-Mental State Examination (MMSE), participated in this study. Patient and informant reported on patients' use of direct medical care, direct nonmedical care, and informal care. Patients' clinical and demographic characteristics included global cognitive status (measured by MMSE), functional capacity (measured by Blessed Dementia Rating Scale), psychotic symptoms, behavioral problems, depressive symptoms, extrapyramidal signs, comorbidities, age, and sex. Costs were compared by using covariate matching methods. Results: Unadjusted total costs and direct medical costs were not significantly different between AD and DLB patients. Compared with AD patients, unadjusted indirect costs were significantly higher and unadjusted direct nonmedical costs were significantly lower among DLB patients. After adjusting for age, sex, cognitive and functional status, differences in all cost components between DLB and AD patients were no longer statistically significant. Conclusions: Apparent cost differences were largely attributed to differences in patients' cognitive and functional status. However, the small sample size for DLB patients might have limited power to detect statistically significant differences in costs of care between these groups.
Introduction
The high costs of Alzheimer's disease (AD), the most common cause of dementia in older adults, are well-documented.
Dementia with Lewy bodies (DLB), however, has only recently been recognized as the second most common form of dementing illnesses [1] Although a number of studies have compared clinical and pathologic characteristics of patients with DLB and those with AD, studies on costs of care for patients with dementing illnesses have focused almost exclusively on AD, with limited effort to examine costs of care for patients with DLB [2, 3] . In this study, we aimed to compare total costs of care and its major components for community-living patients with a clinical diagnosis of DLB with those with a clinical diagnosis of AD. Our aim was to shed light on the possible differences in costs of care between patients with DLB and AD who live in the community.
Methods

Sample
The sample used in this study was drawn from the Predictors II cohort, which began recruitment in 1998 and consists of 223 AD patients from three sites: Columbia University Medical Center, Johns Hopkins School of Medicine, and Massachusetts General Hospital. Inclusion and exclusion criteria were fully described previously [4, 5] . Briefly, all patients were diagnosed in a consensus conference with at least two faculty physicians specializing in dementia and one faculty neuropsychologist. The conference is part of the function of each site's Alzheimer's Disease Research Center (ADRC). Subjects brought in this conference were patients seen by neurologists at both outpatient and inpatient settings. Diagnoses assigned were not limited to AD but included all other dementia types such as DLB, frontotemporal dementia, vascular dementia, mixed dementia, as well as nondementia diagnoses such as mild cognitive impairment, depression, anxiety, and other diagnoses. At the onset of the Predictors II study we began specifically enrolling not only AD patients but also DLB patients. Patients with AD were diagnosed according to the National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer's Disease and Related Disorders Association (NINDS-ADRDA) criteria for probable AD [6] , and patients with DLB were diagnosed according to the 1996 consensus guidelines for DLB [7] . At entry, all patients had a modified Mini-Mental State examination (mMMS) score Ն30, equivalent to a score of approximately Ն16 on the Folstein Mini-Mental State Examination (MMSE) [8, 9] . Because the focus of this study was on community-living patients, we excluded 28 patients who did not live at home. Our analysis sample consisted of baseline data from 170 patients with probable AD and 25 patients with DLB.
Measures
Patient characteristics and cost outcomes used in this study are briefly described below. Details of the measures and the costing methods used were reported in earlier studies [10, 11] .
Clinical and demographic characteristics
Disease progression was characterized by transition from milder stages of dementia to more severe stages, measured by MMSE [8] . [12] . Higher BDRS scores indicate worse functional status. Columbia University Scale for Psychopathology in Alzheimer's Disease (CUSPAD), a semistructured interview administered by a physician or a trained research technician, was used to measure patients' psychotic, behavioral, and depressive symptoms [13, 14] . We used the Unified Parkinson's Disease Rating Scale (UPDRS) to measure the extrapyramidal signs (EPS) [14] . Patients' medical histories were used to construct a modified version of the Charlson index of comorbidity [15, 16] . Patients' age, ethnicity, sex, highest level of education, and marital status also were recorded.
Outcomes
Patients and informants reported use of seven domains of direct medical and nonmedical care. Direct medical care included hospitalization, outpatient treatment and procedures, assistive devices, and medications. Direct nonmedical care included home health aides, respite care, and adult day care. We converted physical quantities of resource use into costs by using prices obtained from public databases as described in detail in earlier reports [10, 11] . All cost values were adjusted to constant 2004 dollars by using the medical care component of the Consumer Price Index [17] . Informal caregiving time for BADLs and IADLs was asked of up to three caregivers. BADLs included eating, dressing, and personal care. IADLs included shopping, chores, personal business, and transportation. We summed hours reported for each task to obtain an estimate of total caregiving hours each patient received. We used the national average hourly earning for all private industries for each year as the hourly wage rate to estimate unpaid caregiving costs [17] .
Analysis
In this study, we used covariate matching methods to estimate differences in costs of care for patients with a diagnosis of DLB and those with a diagnosis of AD. Covariate matching methods stem from the potential outcomes framework described by Neyman [18] . Under this framework, each individual has two possible outcomes, Y (eg, costs of care): Y ϭ Y 0 if the individual has AD, and Y ϭ Y 1 if the individual has DLB. If both outcomes could be observed simultaneously in the same patient, differences in costs of care if the individual has DLB and costs of care if the individual has AD would simply be Y 1 -Y 0 . However, Y 0 and Y 1 are never observed simultaneously in the same patient; one of the two outcomes is always missing. In this case, differences in the outcomes (eg, costs of care) for the two patient groups might be due to differences in characteristics not intrinsic to the diseases, but which nevertheless affect the outcome (eg, possible differences in age between the DLB patients and AD patients recruited in the study). One way to overcome this difficulty of not observing both outcomes simultaneously is by closely matching individuals in the two groups by characteristics (covariates) that affect the outcomes and imputing the value of the missing outcome. Through this matching, differences in outcomes as a result of differences in these characteristics can be reduced or eliminated. In this analysis, matching was conducted by calculating a distance score, computed as the weighted sum of the squared differences in the covariates, between each possible pair of AD and DLB patients and selecting the patients with the lowest distance scores. The matching procedure was performed with Stata's nnmatch function [19] .
To ensure that differences in the cost outcomes could be attributed to differences intrinsic to the diseases (eg, higher percentages of hallucination in DLB patients) and not to global levels of dementia, patients were matched on their MMSE scores. Because our earlier work showed that functional status was importantly associated with disease costs [10, 11] , patients also were matched on their BDRS scores. Because costs of care might be different by sex and age [20] , we matched the patients on these two variables as well. Table 1 presents demographic and clinical characteristics for AD and DLB patients in this sample. There were no differences between patients with AD and DLB in age, race, education, and marital status, but there were significantly more men in the DLB group. Although there were slightly more spouse caregivers of DLB patients, differences in caregiver-patient relationships were not statistically significant between AD and DLB patients. Clinical Dementia Rating (CDR) [21] was not significantly different between AD and DLB patients. DLB patients had significantly worse BDRS scores (5.9 vs 3.4, P ϭ .001) but only slightly worse MMSE scores than AD patients (20.5 vs 22.1, P ϭ .07). As expected from their diagnoses [7] , DLB patients were more likely to have psychotic symptoms (60% vs 31.2%, P ϭ .005) and behavioral problems (64.0% vs 42.4%, P ϭ .04). Presence of depressive symptoms and EPS were not significantly different between the two patient groups. Table 2 presents total and component costs of care for AD and DLB patients. Average annual costs of caring for DLB patients ($35,143) were higher than those for AD patients ($25,129); however, the differences were not statistically significant. Compared with AD patients, direct nonmedical costs were significantly lower ($947 vs $1,478) and indirect costs were significantly higher ($23,036 vs $17,136) among DLB patients. Table 3 presents unadjusted and adjusted differences in costs of care for AD and DLB patients. There were no significant differences in unadjusted total costs and direct medical costs between AD and DLB patients; however, compared with AD patients, unadjusted indirect costs were significantly higher and unadjusted direct nonmedical costs were significantly lower among DLB patients. After match- ing by age and sex, between-group differences for indirect costs and direct nonmedical costs remained. After additional matching by MMSE, between-group differences for indirect costs were only marginally significant, and for direct nonmedical costs it was no longer statistically significant. After additional matching by functional status, between-group differences in costs of care between DLB and AD patients were no longer statistically significant.
Results
Discussion
In this study, we compared baseline costs of care for patients with a clinical diagnosis of DLB with those with a clinical diagnosis of AD after matching on demographic characteristics, severity of cognitive impairment, and functional status. Results suggested that costs of care for patients with DLB are higher than costs of care for patients with AD. However, after patients were matched on cognitive and functional status, although the magnitude of the cost differences remained large, they were no longer statistically significant.
To the best of our knowledge, only two studies to date have compared costs for DLB and AD patients [2, 3] ; both reported higher total costs for DLB patients. Several differences between our study and the earlier studies should be noted. First, patients in our study were somewhat younger (mean age for DLB and AD patients, 74 and 75 years, respectively), as compared with the earlier studies (mean age for DLB and AD patients, 77 and 78 [3] and 80 and 75 [2] years, respectively). Second, patients included in our study were at earlier stages of dementia; average MMSE score for our sample of DLB patients was 20.5 as compared with 15.2 and 17.2 in earlier studies, and average MMSE score for our sample of AD patients was 22.1 as compared with 17.0 and 16.9 in earlier studies. More importantly, our study only included patients living in the community. Murman et al [2] included patients in various living arrangements (eg, community, nursing homes, assisted living facilities, foster care homes) and reported that differences in costs were mainly due to differences in utilization of longterm care facilities between these two groups of patients. Because the study did not separately report costs of care for patients living in the community and those living in institutional settings, it is unclear whether costs of care for patients with DLB and AD differ for those who live in the community.
The main limitation of this study, as is often the case with studies that include DLB patients, is that the sample size for DLB patients was small. However, our sample size is comparable to the only earlier study comparing costs for DLB and AD patients [2, 3] . With the average total costs for DLB and AD patients reported in this study, we computed that our sample size yields 52% power to estimate the difference in total costs (assuming two-tailed tests at significance level of .05). To achieve 80% power in detecting differences in total costs between DLB and AD patients, a sample size of 80 patients in each group is needed. Because of the difficulty in assembling a large number of DLB patients according to strict criteria, our study is useful as a first attempt at estimating differences in costs of care for community-living DLB and AD patients.
It should also be noted that results reported in this study are from a cross-sectional analysis. Possible differences in rates of decline between these two groups of patients might lead to differences in disease costs over time. Studies show that patients with DLB have worse outcomes than patients with AD, including more rapid cognitive decline, increased risks of falls and fractures, and increased risk of mortality. Together, these studies suggest that over time, cost increases for DLB patients might be more pronounced than those for AD patients. It is worth noting that differential rates of decline are consistent with the cross-sectional findings of large but statistically insignificant differences in costs between these two groups when patients are at earlier stages of dementia reported in our study and higher costs among DLB patients than AD patients in later stages of the disease reported in earlier DLB cost studies [2, 3] . Given the substantial increase in costs of care among AD patients over time reported in the literature [10, 11] , costs of care for DLB patients might assume greater proportions of total costs of care in the future. Future work with longitudinal data is necessary to examine differences in longitudinal trajectories of disease costs for these patients.
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